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BIMODAL INVERTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention This invention relates to in 
verter circuits and more particularly to the commuta 
tion of the main controlled recti?ers of an inverter cir 
cuit. 

2. Description of the Prior Art Auxiliary impulse 
commutated inverter circuits are commonly used for 
providing AC power to a load in response to the appli 
cation of a DC voltage from a fuel cell or any other suit 
able source. Most inverter circuits are comprised of a 
pair of main controlled recti?ers connected betwen the 
DC source and the load; alternately turning on and 
turning off of the main controlled recti?ers provide AC 
power to the load. In the auxiliary impulse commutated 
inverter, a current pulse is initiated by a commutation 
switch, such as an auxiliary controlled recti?er, to re 
verse the voltage on the conducting main controlled 
recti?er thereby turning it off. The pulse must be of a 
duration greater or equal to the turn-off time of the 
conducting main controlled recti?er. Usually, the pulse 
is formed by means of an oscillatory inductance 
capacitance (L-C) network in which the natural period 
is directly related to the turn-off time of the main con 
trolled rectifiers and the characteristic impedance is 
related to the voltage provided by the DC_ voltage 
source and the maximumvvalue of the load current pro 
vided by the inverter. . 

It is well known in the art that for ef?cient operation 
of an inverter the. ideal time between initiating the 
pulse and the turning on of the nonconducting main 
controlled recti?er is one-half the natural period of the 
L-C network. However, these inverters tend to be inop 
erative when the load is rapidly increased. Accordingly, 
the nonconducting main controlled recti?er is usually 
turned on prior to the ideal time thereby providing less 
cf?cient inverters which are operative when the load is 
rapidly increased. 
Heretofore, simple reliable and ef?cient apparatus 

for the operation of inverters under all conditions of 
load changes has been unknown in the prior art. 

SUMMARY OF THE INVENTION 

' An object of the present invention is to provide in 
verters. 
Another object of the present invention is to provide 

ef?ciently operated inverters where a load applied 
thereto may be rapidly increased. 
According to the present invention, in an auxiliary 

impulse commutated inverter, apparatus responsive to 
a rapid increase of an applied load causes a decrease of 
the time interval between the initiation of a commuta 
tion current and the turning on of a nonconducting 
main controlled recti?er. 
An inverter in accordance with the present invention 

is highly ef?cient because it is bimodal; the inverter op 
erates in a high-ef?ciency mode when the applied load 
is not rapidly increased and operates in a low-ef?ciency 
mode for a short duration of time after a rapid increase 
in load has occurred. 
Other objects, features and advantages of the present 

invention will become more apparent in the light of the 
following detailed description Of a preferred embodi 
ment thereof as illustrated in the accompanying draw 
mgs. > 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of the preferred 
embodiment of the present invention; 
FIG. 2 is a schematic block diagram of the time 

change unit in the embodiment shown in FIG. 1; 
FIG. 3 is a schematic block diagram of the timing unit 

in the embodiment shown in FIG. 1; and 
FIG. 4 is a timing diagram which shows the relation 

ship of pulses provided by the timing unit shown in FIG. 
3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the present invention, an inverter is operated 
bimodally. When the applied load is constant, decreas 
ing or slowly increasing, the inverter is operated in a 
high-ef?ciency mode. When the load is rapidly in 
creased, the inverter is operated for a short duration in 
a low-efficiency mode which assures the continued 
operation of the inverter. 

Referring now to FIG. 1, an auxiliary impulse com 
mutated inverter is comprised of a pair of main con 
trolled recti?ers 10, 12, the cathode of the main con 
trolled recti?er 10 being connected to the anode of the 
main controlled recti?er 12. A center tapped DC 
power source 14 has a positive terminal 16 connected 
to the anode of the main controlled recti?er 10 through 
a DC power line 18. A negative terminal 20 of the 
source 14 is connected to the cathode of the main con 
trolled recti?er 12 through a DC power return line A 
load Aload 24, a ?lter inductor 26, and a current sens 
ing transformer 27 are connected in series from the 
junction of the cathode and anode of the main con 
trolled recti?ers 10, 12 respectively, to the center tap 
of the source 14 through a neutral line 28. A ?lter ca 
pacitor 29 is connected across the load 24. In the oper 
ation of the inverter, the main controlled recti?ers 10, 
12 are alternately turned on and turned off thereby 
causing respective currents through the load 24 in the 
directions indicated by arrows 30, 32. The main con 
trolled recti?ers 10, 12 are simultaneously nonconduc 
tive during a short commutation interval after a main 
controlled recti?er is turned off. 
Gate to cathode voltage pulses (called gate pulses) 

are provided by a timing unit 34 to the main controlled 
recti?ers 10, 12 for turning them on at alternate times. 
The timing unit 34 is connected to the gate and cathode 
of the main controlled recti?er 10 through signal lines 
36, 38 respectively, and to the gate and cathode of the 
main controlled recti?er 12 through signal lines 40, 42, 
respectively. ‘ 

In order to explain the teachings of the present inven 
tion, assume that the main controlled recti?er 10 has 
been turned on in response to a gate pulse provided by 
the timing unit 34 on the lines 36, 38. Additionally, the 
main controlled recti?er 12 is nonconductive and a ca 
pacitor 44 has one side 46 positively charged with re 
spect to the other side 48. The side 46 is connected 
through a commutation inductor 50 to the cathode and 
anode respectively of the main controlled recti?ers 10, 
12. An auxiliary controlled recti?er 52 has its anode 
connected to the terminal 16 through the line 18 and 
its cathode connected to the side 48 of capacitor 44. 
The gate and the cathode of the auxiliary controlled 
recti?er 52 are connected to the timing unit 34 through 
signal lines 54, 56, respectively. The anode and cath 
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ode of a diode 58 are respectively connected to the 
cathode and anode of the main controlled recti?er 10. 
In response to a gate pulse (referred to as a commutat 
ing gate pulse) provided by the timing unit 34 on the 
lines 54, 56, the controlled rectifier 52 becomes con 
ductive, thereby causing the transfer of the energy 
stored in the capacitor 44 (proportional to the square 
of the voltage across the capacitor 44) to the inductor 
50 causing a commutation current to flow through the 
inductors 26, 50, the load 24, and the transformer 27 
thereby reducing the load current ?owing through the 
main controlled recti?er 10 to zero. The portion of the 
commutation current in excess of the load current 
flows through the diode 58 which causes a small posi 
tive voltage from the anode to the cathode thereof 
which turns off the main controlled recti?er 10. When 
the commutation current is substantially zero, the aux 
iliary controlled recti?er 52 ‘is automatically extin 
guished. Therefore, the auxiliary controlled recti?er 
52, in conjunction with the capacitor 44, the inductor 
50 and the diode 58 commutates the controlled recti 
fier 10. Commutation capacitor 44 has now charged up 
in the reverse direction with positive voltage on side 48. 

After the commutation current turns off the main 
controlled recti?er 10, a gate pulse provided by the 
timing unit 34 on the lines 40, 42 turns on the main 
controlled recti?er 12. The commutation of the main 
controlled recti?er 12 is similar to the commutation of 
the main controlled recti?er 10 described hereinbe 
fore. An auxiliary controlled recti?er 60 has its cathode 
connected to the terminal 20 through the line 22 and 
its anode connected to the side 48 of capacitor 44. The 
gate and the cathode of the controlled recti?er 60 are 
connected to the timing unit 34 through a signal line 62 
and the line 22 respectively. The anode and the cath 
ode of a diode 64 are respectively connected to the 
cathode and anode of the main controlled recti?er 12. 
In response to a commutating gate pulse provided by 
the timing unit 34, the auxiliary controlled recti?er 60 
becomes conductive, thereby causing a commutation 
current to flow through the inductors 50, 26, the load 
24 and the transformer 27 and reducing the load cur 
rent flowing through the main controlled recti?er 12 to 
zero. The portion of the commutation current is excess 
of the load current ?ows through the diode 64 which 
causes a small positive voltage from the anode to the 
cathode thereof which turns off the main controlled 
recti?er 12. When the commutation current is substan 
tially zero, the auxiliary controlled recti?er 60 is auto 
matically extinguished. Therefore, the auxiliary con 
trolled recti?er 60, in conjunction with the capacitor 
44, the inductor 50 and the diode 64, commutates the 
main controlled recti?er 12. After the commutation of 
the main controlled recti?er 12, the capacitor 44 again 
has a charge; the side 48 is negative with respect to the 
side 46, the capacitor 44 thereby being conditioned to 
commutate the main controlled recti?er 10. 
As is well known to those skilled in the art, the in 

verter is most ef?ciently operated and is therefore in a 
high-ef?ciency mode when the time interval between a 
pair of gate pulses respectively provided to an auxiliary 
controlled recti?er and a nonconducting main con 
trolled rectifier is given as: 

L is the inductance of the inductor 50 
C is the capacitance of the capacitor 44; and 
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4 
t, is one-half the natural period of a network com 

prised of the inductor 50 and the capacitor 44. 
If the commutation circuits consisted only of an aux 

iliary controlled recti?er, a capacitor and an inductor, 
a commutation current would flow during the time in 
terval, to, and then become zero. During the commuta 
tion interval, however, when both of the main con 
trolled recti?ers are turned off, the load 24 and the in 
ductor 26 increase the natural period of the circuit 
which conducts the commutation current. Therefore, 
because of the increase of the natural period, the com 
mutation current is conducted by the controlled recti? 
ers 52, 60 for a time interval greater than t,,. 
For reasons explained hereinafter, under all load 

conditions, except a rapidly increasing load, the in 
verter is operated in the high-ef?ciency mode. Ordi 
narily, when operating the inverter in the high 
ef?ciency mode, the rate of an increase of the load 24 
must be limited because the voltage across the capaci 
tor 44 is boosted by an increment of the load current 
during a part of the commutation after the conducting 
main control rectifier has been turned off. Therefore, 
although the inverter may operate under a condition of 
maximum load, a rapid increase from no load to maxi 
mum load, for example, may cause a failure to commu 
tate because of an insuf?cient charge on the capacitor 
44 causing an insuf?cient commutation current imme 
diately after the increase. In the present invention, a 
rapid increase of the load 24 causes a time interval, :6, 
between a commutating gate pulse and a gate pulse 
provided to turn on a nonconducting main controlled 
recti?er. The time interval, 17,, is given as: 

to: 0.767 11' LC. As is known to those skilled in the 
art, when the time interval between the gate pulses is 
less than the time interval, t,,, (such as the time interval, 
t,) the capacitor 44 charges to a higher voltage (the 
increased charge on the capacitor 44 is proportional to 
the commutation current when the main controlled 
recti?er becomes conductive), thereby providing a 

higher commutating current when the capacitor 44 is 
discharged. It is well known in the art that although the 

ef?ciency of the inverter is lower when the time 
interval, is, is used, the inverter is of optimal ef?ciency 
under conditions where the load may rapidly increase. 

In the present invention, rapid changes of the load 
24, such as step changes, are, in part, isolated from the 
inverter by the inductor 26 because instantaneous 
changes of the load current cannot be sustained there 
through. A sense current, proportional to the load cur 
rent, is provided by the secondary winding of the trans 
former 27 to the time change unit 66 through signal 
lines 68, 70. In response to a rapid, predetermined in 
crease in the load 24, the time change unit 66 provides 
a pulse typically of 30 milliseconds duration for invert 
ers which provide power at 60 Hz to a load. It should 
be understood that the intervals, to and to, are much less 
than 30 milliseconds. The output of the time change 
unit 66 is connected to the timing unit 34 through asig 
nal line 78. During the 30 millisecond pulse, the timing 
unit 34 respectively provides, with the time interval, tc, 
therebetween, commutating gate pulses and pulses to 
turn on the main controlled recti?ers as described 
hereinafter. 

Referring now to FIG. 2, the time change unit 66 is 
comprised of a peak-to-peak detector 72, a high pass 
?lter 74 and a monostable multivibrator 76 all con 

vii 
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nected in series. In response to a rapid increase of the 
load 24, an increase of current is provided there 
through by the capacitor 29. The peak-to-peak detec 
tor 72 provides a voltage proportional to the current 
through the load 24. The output of the detector 72 
drives the ?lter 74 which provides a trigger voltage in 
response to a rapid increase of the output of the detec 
tor 72. The trigger voltage provided by the high pass 
filter triggers the monostable multivibrator 76 which 
provides a 30 millisecond pulse in response thereto on 
a line 78. 
Referring now to FIGS. 1, 3 and 4, the timing unit 34 

is comprised of a timing signal source 80 which pro 
vides narrow, positive voltage pulses at a 120 Hz rate. 

The successive pulses correspond to 0, 7r, 2 7r, 3 1r radians during cycles of the 60 Hz excitation provided 

to the load 24. Illustration a, FIG. 4 shows two repre 
sentative pulses provided by the source 80. The output 
of the source 80 is connected to a ?rst input of a vari 
able period monostable multivibrator 82 through a sig 
nal line 84. A second input of the variable multivibrator 
82 is connected to the output of the time change unit 
66 through the line 78. In the absence of the 30 milli 
second pulse being provided on line 78, the variable 
multivibrator 82 provides a voltage pulse (called a tim 
ing control pulse) having a pulse width equal to the 
time interval, to. A 30 millisecond pulse provided on 
the line 78 causes the variable multivibrator 82 to pro 
vide a timing control pulse having a duration equal to 
the time interval, to. The trailing edge of the timing 
control pulse triggers a ?xed period monostable multi 
vibrator 86 which provides in response thereto a pulse 
(called a delayed pulse) of substantially the same am 
plitude and duration as a pulse provided by the source 
80. Therefore, in the absence of a rapid increase of the 
load 24, for each pulse provided by the source 80, de 
layed therefrom by the time interval, to, a delayed pulse 
is provided. In response to a rapid increase of the load 
24, for each pulse provided by the source 80 (during 30 
milliseconds after the rapid increase) delayed there 
from by the time interval, tc, a delayed pulse is pro 
vided. Illustration b, FIG. 4 shows the delayed pulses on 
a common time base with the pulses provided by the 
source 80 (Illustration a, FIG. 4). It should be noted 
that an exemplary step increase in the load 24 occurs 
at'a time indicated by an arrow 88, thereby causing a 
time interval, t,_., between the successive pulse provided 
by the source 80 and the successive delayed pulse. 
To provide gate pulses to the controlled recti?ers, 

the output of AND gates 90-93, are respectively con 
nected to the primary windings of transformers 94-97. 
The secondary windings of the transformers 94-97 are 
each respectively connected to the gate and the cath 
ode of the controlled recti?ers 52, 12, 60, 10 through 
pairs of the lines 54, 56; 40, 42; 62, 22 and 36, 38. As 
explained hereinafter, gate pulses are transmitted by 
the AND gates 90-93 to the controlled recti?ers l0, 
12, 52, 60. 
A ?ip-?op 98 has its trigger input connected to the 

output of the multivibrator 86 through a signal line 
100. The ?ip-?op 98 alternatively provides (at S and 
R) a positive voltage level and ground on a pair of sig 
nal lines 101, 102. Each alternation is in response to 
the trailing edge of a delayed pulse. 
The AND gates 90, 91 have first inputs connected to 

the S output of the ?ip-?op 98 through the lines 101. 
The AND gates 92, 93 have ?rst inputs connected to 
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6 
the R output of the ?ip-flop 98 through the lines 102. 
The second input of the AND gates 90, 93 are con 
nected to the source 80 through the lines 84 and the 
second input of the AND gates 91, 92 are connected to 
the output of the multivibrator 86 through the lines 
100. In response to the positive voltage level being pro 
vided on the lines 100, a pulse provided by the source 
80 is transmitted by the AND gate 90 as a commutating 
gate pulse to the controlled recti?er 52; a delayed pulse 
is thereafter transmitted as a gate pulse by the AND 
gate 91 to turn on the main controlled recti?er 12. The 
trailing edge of the delayed pulse triggers the ?ip-?op 
98 thereby causing a provision of the positive voltage 
level on the lines 102 and ground on the lines 101 as 
described hereinbefore. The next pulse provided by the 
source 80 is transmitted by the AND gate 93 as a com 
mutating gate pulse to the auxiliary controlled recti?er 
60; a delayed pulse is thereafter transmitted as a gate 
pulse by the AND gate 92 to turn on the main con 
trolled recti?er 10. The trailing edge of the delayed 
pulse triggers the ?ip-?op 98 thereby causing the provi 
sion of the positive voltage and ground respectively on 
the lines 101, 102 whereby the AND gates 90, 91 are 
conditioned to provide, respectively, gate pulses to the 
auxiliary controlled recti?er 52 and the main con 
trolled recti?er 12. 
Although the invention has been shown and de 

scribed with respect to a preferred embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes and 
omissions thereof in the form and detail thereof may be 
made therein without departing from the spirit and 
scope of the invention. 
We claim: 
1. In an impulse commutated inverter circuit of the 

type where load current is alternately provided through 
a pair of main controlled recti?ers to an applied load, 
a commutation switch is turned on to cause the transfer 
of the energy stored by a commutation capacitor to a 
commutation inductor which provides a commutation 
current to turn off the conducting main controlled rec 
tifier, the time between the turning on of the commuta 
tion switch and the turning on of the nonconducting 
main controlled recti?er being a selected time interval, 
the improvement comprising: 
sensing means for sensing the current flow through 

said load and producing a sense signal in response 
thereto; 

means responsive to a rapid increase in said sense sig 
nal above a predetermined magnitude for generat 
ing a control signal; 

and means responsive to said control signal for de 
creasing said selected time interval to a reduced 
time interval. 

2. Apparatus according to claim 1 wherein said se 
lected time interval is given as 

where C is the capacitance of the commutation ca 
pacitor, 

L is the inductance of the commutation inductor, and 

to is the selected time interval; and said selected time 
interval is decreased to a reduced time interval 
given as 

tc= 0.767 11' LC 
where t, is the decreased selected time interval. 

* =I< * * * 
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